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(57) Alarm apparatus (1) for determining if a vehicle is 
moved while the alarm apparatus (1) is armed. The alarm 
apparatus (1) comprises a global position sensing circuit 
(12) which operates under the control of a control circuit 
(6). The control circuit (6) reads the current position of the 
vehicle from the global position sensing circuit (12) at ten 
minute Intervals to check if the vehicle has been moved. 
Each current position is compared with the first position of 
the vehicle after the alarm apparatus (1) has been armed, 
and the difference between the current and first positions 
is determined. If this difference exceeds a predetermined 
difference the control circuit (6) activates an interface 
circuit (14) for powering up a mobile telephone (15). On 
establishing a telephone line with a central monitoring 
station, a signal is outputted by the control circuit (6) to 
the central monitoring station indicating that the vehicle 
has been moved and the current position of the vehicle. 
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"Alarm apparatus for determining 
if a vehicle is moved" 

The present invention relates to alarm apparatus for a 
vehicle for determining if the vehicle is moved, and 
the invention also relates to a method for deteirmining 
if a vehicle is moved. 

Vehicle alarms and immobilisers are well know. Such 
alarms, in general, are referred to as car alarms, and 
typically, comprise a monitoring circuit, for 
monitoring, for example, ultrasonic transducers located 
within the vehicle for determining unauthorised access 
to the vehicle. Such alarms also, in general, comprise 
a vehicle immobilising circuit for immobilising the 
vehicle, and an alarm circuit for powering an audible 
alarm in the event of an unauthorised entry to the 
vehicle. Such car alarms are typically armed and 
disarmed by a remote transmitter, which typically, is 
provided in the form of a key fob. While such alarms 
are adequate for protecting a vehicle parked in, for 
example, a built-up area where if an unauthorised 
attempt to enter or take the vehicle is made, the 
sounding of the alarm, in general, is heard by people 
in the near vicinity, which in general, is sufficient 
for causing a thief to take fright and run from the 
scene, thereby leaving the vehicle. However, such car 



alarms are in general, of little value, when a vehicle 
is parked in a remote unpopulated area, since the 
alarm, in general, will not be heard, and thus, the 
thief will be allowed sufficient time to bypass the car 
alarm, by as is generally referred to "hot wiring" the 
car or vehicle. Additionally, even when a car is 
parked in a populated area, it is possible for a thief 
to move the car, either by pushing the car away from 
the populated area, or indeed, transferring the vehicle 
onto a truck or the like, and transporting the car to a 
location where the car can be "hot wired" in a location 
convenient for the thief to operate. 

It is also desirable that car alarms should draw 
minimum power from the vehicle battery during armed 
periods in order to avoid any danger of the vehicle 
battery being discharged to a level where it is no 
longer functional for providing sufficient power for 
starting the vehicle, or indeed, for powering the car 
alarm in the armed state. 

There is therefore a need for alarm apparatus for a 
vehicle for determining if the vehicle is moved, and 
for giving an indication of the movement of the vehicle 
which allows the vehicle to be tracked and recovered. 



The present invention is directed towards providing 



such alarm apparatus, and the invention is also 
directed towards a method for determining if a vehicle 
is moved. 

According to the invention there is provided alarm 
apparatus for a vehicle for determining if the vehicle 
is moved, the apparatus being operable in an armed 
state and a disarmed state and comprising 

a global position sensing circuit for 
communicating with a global satellite positioning 
network for determining the location of the vehicle, 

a control means for controlling the global 
position sensing circuit and for reading the state of 
the apparatus and for reading the global position 
sensing circuit at first predeteirmined time intervals 
when the apparatus is in the armed state for 
determining the position of the vehicle, the control 
means comprising 

a first storing means for storing the first read 
position each time the apparatus is operated in the 
armed state, 

a first comparing means for comparing the current 
position read from the global position sensing circuit 
with the first read position and for determining the 
difference between the current position and the first 
read position, 

a second comparing means for comparing the 



difference determined by the first comparing means with 
a predetermined difference value, 

an interface means operating under the control of 
the control means for interfacing the apparatus with a 
transmission means, the interface means being 
responsive to the second comparing means determining 
that the difference determined by the first comparing 
means exceeds the predetermined difference value for 
outputting a first signal to the transmission means for 
transmission to a central monitoring station for 
indicating that the vehicle has been moved, and 

a means for operating the apparatus in a low power 
mode during each first predetermined time interval. 

In one embodiment of the invention the means for 
operating the apparatus in the low power mode is 
responsive to the second comparing means determining 
that the difference determined by the first comparing 
means does not exceed the predetermined difference 
value . 

In another embodiment of the invention the means for 
operating the apparatus in the low power mode is 
responsive to the apparatus being in the armed state. 

Preferably, the control means commences timing each 
first predetermined time interval after the second 



comparing means determines that the difference 
determined by the first comparing means does not exceed 
the predetermined difference value or when the first 
signal has been transmitted by the transmission means. 

Advantageously, the interface means comprises an 
interface circuit for interfacing the apparatus with a 
mobile telephone. Preferably, the interface circuit 
comprises a means for dialling a predetermined number 
on the mobile telephone. 

Alternatively, or in addition, the interface means 
comprises an interface circuit for interfacing the 
apparatus with a radio transmitter. Preferably, the 
interface circuit comprises a means for activating the 
radio transmitter to transmit the first signal. 

In one embodiment of the invention the control means 
comprises a second storing means for storing parameters 
of boundaries of a predetermined area within which the 
vehicle can validly move. 

In another embodiment of the invention the control 
means reads the output of the global position sensing 
circuit at second predetermined time intervals when the 
apparatus is in the disarmed state for determining the 
position of the vehicle, and the control means 



comprises a third comparing means for comparing the 
current position of the vehicle with the predetermined 
area for determining if the vehicle is outside the 
predetermined area. 

in a further embodiment of the invention the interface 
nteans is responsive to the third comparing means for 
outputting a second signal to the transmission means 
for transmission to the central monitoring station for 
indicating that the vehicle has moved outside the 
predetermined area. 

in a further embodiment of the invention the means for 
operating the apparatus in the low power mode is 
responsive to the third comparing means determining 
that the current read position of the vehicle is within 
the predetermined area for operating the apparatus in 
the low power mode during the next second predetermined 
time interval. 

in a still further embodiment o( the invention the 
„.ans for operating the apparatus in the low power n«de 
, during each second predetermined time interval is 
responsive to the apparatus being in the disarmed 

state- 

in one embodiment of the invention the control means 



times each second predetermined time interval after the 
third comparing means determines that the current 
position of the vehicle is within the predetermined 
area, or after the second signal has been transmitted 
by the transmission means. 

Preferably, the second signal comprises a message for 
indicating that the vehicle has moved outside the 
predetermined area and the current position of the 
vehicle • 

Advantageously, the first signal comprises a message 
indicating that the vehicle has been moved and the 
current position of the vehicle. 

In one embodiment of the invention the apparatus 
further comprises a vehicle monitoring circuit, the 
monitoring circuit being responsive to the apparatus 
being in the armed state for monitoring for 
unauthorised entry to the vehicle, and the apparatus 
may comprises a vehicle immobilising means, the 
immobilising means being responsive to the apparatus 
being in the armed state for immobilising the vehicle. 

Further, the apparatus may comprises an alarm 
activating circuit for powering an alarm, the alarm 
activating circuit being responsive to the vehicle 
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monitoring circuit detecting unauthorised entry to the 
vehicle, preferably, the alarm activating circuit rs 
responsive to the second comparing means determining 
that the difference determined by the first comparing 
means exceeds the predetermined difference value. 

in one embodiment of the invention the apparatus 
comprises a receiving means for receiving signals for 
operating the apparatus in the respective armed and 

disarmed states . 

in another embodiment of the invention the apparatus 
comprises an entry means for entering the predetermined 
difference value into the first storing means. 
Preferably, the entry means facilitates entry of the 
value of the first predetermined time interval into the 
control means. Advantageously, the entry means 
facilitates entry of the parameters of the boundaries 
of the predetermined area into the second storing 
means. Ideally, the entry means facilitates entry of 
the value of the second predetermined ti^e interval. 

0 in one embodiment of the invention the apparatus 

comprises a timing means for timing each predetermined 

time interval. 

Additionally, the invention provides a method for 



determining if a vehicle is moved wherein the vehicle 
comprises alarm apparatus operable in an armed and a 
disarmed state and comprising a global position sensing 
circuit for communicating with a global satellite 
positioning network for determining the location of the 
vehicle, the method comprising the steps of 

reading an output of the global position sensing 

circuit at first predetermined time intervals when the 

apparatus is in the armed state for determining the 

position of the vehicle, 

storing the first read position each time after 

the apparatus is operated in the armed state in a first 

storing means , 

comparing the current position read from the 
global position sensing circuit with the first read 
position in a first comparing means, and detennining 
the difference between the current position and the 

first read position, 

comparing the difference determined by the first 
comparing means in a second comparing means with a 
predetermined difference value, 

outputting a first signal to a transmission means 
for transmission of the first signal to a central 
monitoring station for indicating that the vehicle has 
been moved if the difference determined by the first 
comparing means exceeds the predetermined difference 
value, and 
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operating the apparatus in a low power mode during 
each first predetermined time interval. 

in one embodiment of the invention the alarm apparatus 
is operated in the low power mode after the second 
comparing means determines that the difference 
determined by the first comparing means does not exceed 
the predetermined difference. 

in another embodiment of the invention the alarm 
apparatus is operated in the low power mode during the 
first predetermined time intervals when the apparatus 
is in the armed state. 

in a further embodiment of the invention the method 
further comprises the step of comparing at second 
predetermined time intervals in a third comparing means 
the current position of the vehicle with parameters of 
boundaries of a predetermined area stored in a second 
storing means within which the vehicle can validly move 
for determining if the vehicle is outside the 
predetermined area when the apparatus is in the 
, disarmed state. Preferably, the method further 

comprises the step of outputting a second signal for 
transmission to a central monitoring station for 
indicating that the vehicle has moved outside the 
predetermined area in response to the third comparing 
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means . 



Advantageously, the alarm apparatus is operated in the 
low power mode during each second predetermined time 
interval after the third comparing means has determined 
5 that the current position of the vehicle is within the 
predetermined area . 

In one embodiment of the invention the alarm apparatus 
is operated in the low power mode during each second 
predetermined time interval when the apparatus is 
10 disarmed. 

Ideally, the timing of the second predetermined time 
intervals commences after the third comparing means 
determines that the current position of the vehicle is 
within the predetermined area, or after the second 
15 signal has been transmitted from the transmission 
means . 

Preferably, the timing of each first predetermined time 
interval commences when the second comparing means 
determines that the difference determined by the first 
2 0 comparing means does not exceed the predetermined 

difference value, or when the first signal has been 
transmitted from the transmission means. 



in one embodiment of the invention the second 
predetermined time interval lies in the range of thirty 
seconds to fifteen minutes. Preferably, the second 
predetermined time interval lies in the range of forty- 
five seconds to five minutes. 



Advantageously, the second predetermined time 
is in the order of sixty seconds. 



interval 



0 



in one embodiment of the invention the first 
predetermined time interval lies in the range of five 
minutes to twenty minutes. Preferably, the first 
predetermined time interval lies in the range of eight 
minutes to fifteen minutes. 

Advantageously, the first predetermined time interval 
is in the order of ten minutes. 

Ideally, the predetermined difference value is stored 
in a look-up table. Preferably, the predetermined 
difference value is entered during set-up of the 
apparatus . 

Advantageously, tha predetermined difference value is a 
function of the allowable error in the global satellite 

position network. 



Advantageously, each predetermined time interval is 
stored in a look-up table. 



in one embodiment of the invention each predetermined 
time interval is entered during set-up of the 
apparatus . 

In one embodiment of the invention an alarm circuit in 
the apparatus is activated for powering an alarm when 
the second comparing means determines that the 
difference determined by the first comparing means 
exceeds the predetermined difference value. 
Preferably, the alarm circuit is activated for powering 
an alarm when the third comparing means determines that 
the current position of the vehicle is outside the 
predetermined area. 

The invention will be more clearly understood from the 
following description of a preferred embodiment thereof 
which is given by way of example only with reference to 
the accompanying drawings, in which: 

Fig. 1 is a block representation of alarm 
apparatus according to the invention for use in a 
motor vehicle for determining if the vehicle is 

moved, 
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Figs. 2(a) and (b) illustrate a flow chart of a 
routine of a computer programme for controlling 
the alarm apparatus for Fig. 1, and 

Figs. 3(a) and (b) illustrate a flow chart of 
another routine of the computer programme for 
controlling the alarm apparatus of Fig. 1. 

Referring to the drawings there is illustrated an alarm 
apparatus according to the invention indicated 
generally by the reference 1 for determining if a motor 
vehicle is moved, and for transmitting an alert signal 
in the event of unauthorised movement of the vehicle. 
The apparatus 1 is operable in an armed state and in a 
disarmed state. In the armed state the apparatus 1 
monitors the position of the vehicle for determining if 
the vehicle is moved and also monitors the vehicle for 
determining unauthorised entry to the vehicle. In the 
disarmed state the apparatus 1 monitors the position of 
the vehicle for determining if the vehicle is within a 
predetermined area. These aspects of the apparatus are 
described below* 

The apparatus 1 comprises a typical car alarm circuit 2 
which comprisas a monitoring circuit 3 for monitoring 
ultrasonic transducers 4 located in the vehicle for 
monitoring for unauthorised entry into the vehicle. 



when the apparatus 1 is in the armed state. The 
monitoring circuit 3 also monitors an electric current 
meter 5 when the apparatus 1 is in the armed state for 
monitoring current drawn from the vehicle battery also 
for determining unauthorised entry into the vehicle, in 
the event in an increase in current being drawn from 
the battery as a result of a courtesy switch being 
operated by opening of a door of the vehicle. 

A control means comprising a control circuit 6 having a 
microprocessor 7 reads the monitoring circuit 3, and in 
the event of the monitoring circuit 3 determining 
unauthorised entry an alarm circuit 8 of the car alarm 
circuit 2 is activated for powering an audible alarm 
(not shown) for alerting to the unauthorised entry. A 
vehicle immobilising circuit 9 of the car alarm circuit 
2 is also operated under the control of the control 
circuit 5 for iimnobilising the vehicle when the 
apparatus 1 is in the armed state. A receiving means, 
namely, a radio receiver 10 receives an appropriate 
radio signal which is relayed to the control circuit 6 
for altering the state of the apparatus 1. If the 
apparatus 1 is in the disarmed state, the signal 
received by the radio receiver 10 causes the control 
circuit 6 to operate the apparatus 1 in the armed 
state, and vice versa. The car alarm circuit 2 and its 
operation will be well known to those skilled in the 
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art . 



A global position sensing circuit 12 operates under the 
control of the control circuit 6 for detennining the 
pcsition of the motor vehicle using a global satellite 
positioning network. Such global position sensing 
circuits 12 will be well known to those skilled in the 
art. Briefly, by using a system of telemetry and 
receiving signals fro™ three satellites of the global 
satellite positioning network, the global position 
sensing circuit can deterH,ine the precise location of 
the vehicle within a relatively narrow margin of error, 
in cases where global position sensing (GPS)is used the 
location of the vehicle can typically be determined 
within seventy-five metres of its exact location, while 
5 in the case of differential global position sensing 

(OGPS, the location can be deter-^ined with an accuracy 
of approximately ninety-five percent, which typically 
permits the location of the vehicle to be determined to 
within approximately two metres of its exact location. 
,0 The control circuit 6 operates the global position 
sensing circuit 12 at first predetermined time 
intervals of approximately ten minutes duration when 
the apparatus 1 is in the armed state for determining 
the current position of the vehicle. The current 
„ position is read from an output of the global satellite 
position sensing circuit 12 by the control circuit 6. 
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When the apparatus 1 is in the disarmed state the 
control circuit 6 operates the global position sensing 
circuit 12 at second predetermined time intervals of 
approximately one minute duration for determining the 
5 position of the vehicle, which is also read by the 
control circuit 6 from the output of the circuit 12. 
An interface circuit 14 interfaces the alarm apparatus 
1 with a mobile telephone 15, and under the control of 
the control circuit 6 outputs first and second signals 
10 through the mobile telephone 15 to a central monitoring 
station for indicating if the vehicle 1 has been moved, 
or if the vehicle has moved outside the boundaries of 
the predetermined area. This is described in more 
detail below. 

15 Before describing the alarm apparatus 1 in further 
detail, an outline of the operation of the alarm 
apparatus 1 will first be given. When the alarm 
apparatus 1 is in the disarmed state, and the radio 
receiver 10 receives the appropriate signal for arming 

20 the apparatus 1, the control circuit 6 operates the 
apparatus 1 in the armed state. In this state the 
control circuit 6 operates the immobilising circuit 9 
for immobilising the vehicle, and activates the 
monitoring circuit 3 for monitoring the ultrasonic 

25 sensors 4 and the electrical current meter 5. 

Initially on being armed, the control circuit 6 
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operates the global position sensing circuit 12 for 
determining the location of the vehicle, and the 
control Circuit 6 reads the position of the vehicle 
from the output of the global position sensing circurt 
12. This, typically, is given by the longitude and 
latitude coordinates of the position of the vehicle. 
This first read position is stored in a first storing 
means, namely, a first random access memory 16 withrn 
the control circuit 6, and the control circuit 6 
operates the alarm apparatus 1 in a low power mode for 
the first predetermined time interval for minimisxng 
the power reguirement from the vehicle battery. During 
this and subsequent first predetermined time intervals, 
the monitoring circuit 3 periodically monitors the 
ultrasonic sensors 4 and the electric meter 5 at 
intervals typically of fifteen seconds. 

Mter the first predetermined time interval has timed 
out the control circuit 6 «a.es up the alarm apparatus 
1 and operates the global position sensing cirourt 12 
for determining the current position of the vehicle. 
This is read from the output of the global position 
sensing circuit 12 by the control circuit 6. A first 
comparing means, namely, a first comparator 17 in the 
control Circuit 6 compares the current position of the 
5 vehicle with the first read position in the first 

.torin, means 16 and determines the difference between 



the two positions. This difference value is fed to a 
second comparing means, namely, a second comparator 18 
in the control circuit 6 which compares the difference 
determined by the first comparator 17 with a 
predetermined difference value which is stored in a 
look-up table in a second storing means, namely, a 
general random access memory 19 of the control circuit 
6. If the second comparator 18 determines that the 
difference determined by the first comparator 17 does 
not exceed the predetermined difference value, then the 
control circuit 6 returns the alarm apparatus 1 to 
operate in the low power mode for another first 
predetermined time interval of approximately ten 
minutes, at the end of which the control circuit 6 
again wakes up the alarm apparatus 1 for determining 
the next current position of the vehicle as already 
described. 

If the second comparator 18 determines that the 
difference determined by the first comparator 17 
exceeds the predetermined difference value, in other 
words, indicating that the vehicle has been moved, the 
control circuit 6 activates the alarm circuit 8 for 
powering the alarm (not shown) . The control circuit 6 
operates the interface circuit 14 for powering the 
mobile telephone 15 to cause the mobile telephone 15 to 
dial the central monitoring station, and when a line 
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has been established with the central monitoring 
station the first signal is relayed by the mobile 
telephone 15 . In this embodiment of the invention the 
first signal contains a message which indicates that 
the vehicle has been moved and gives the current 
position of the vehicle by longitude and latitude 
coordinates • 

After the first signal has been relayed through the 
mobile telephone 15 and an acknowledgement signal has 
been received and read by the control circuit 6, the 
control circuit 6 may again operate the apparatus 1 in 
the low power mode for another first predetermined time 
interval of approximately ten minutes, and so the alarm 
apparatus 1 continues to operate for so long as the 
alarm apparatus 1 is in the armed state. In other 
words, during the period while the alarm circuit 1 is 
in the armed state, the control circuit 6 wakes up the 
global position sensing circuit 12, and reads the 
current position of the vehicle from the global 

•4. n 1-Vifa first predetermined 
position sensing circuit 12 at the tirsx^ p 

time intervals of ten minutes. 

When the radio receiver 10 receives an appropriate 
signal for disarming the alarm apparatus 1, the control 
circuit 6 disarms the alarm apparatus 1 and operates 
the alarm apparatus 1 in the disarmed state. In the 



disarmed state, the vehicle immobilising circuit 9 is 
deactivated, thereby mobilising the vehicle 1, and the 
monitoring circuit 3 is deactivated. While the alarm 
apparatus 1 is in the disarmed state the control 
circuit 6 operates the global position sensing circuit 
12 at the second predetermined time intervals of one 
minute duration, and reads the current position of the 
vehicle from the output of the global position sensing 
circuit 12. The current position of the vehicle is 
compared in a third comparing means, namely, a third 
comparator 20, with a predetermined area which is 
stored in the general random access memory 19 in the 
form of boundary coordinates to ascertain if the 
current position of the vehicle is outside the 
predetermined area. If it is determined that the 
current position of the vehicle is within the 
predetermined area, then the control circuit 6 operates 
the alarm apparatus for another second predetermined 
time interval of approximately one minute in the low 
power mode. At the end of that second predetermined 
time interval, the control circuit 6 wakes up the alarm 
apparatus 1 and again reads the current position of the 
vehicle . 



In the event that the third comparator 20 determines 
that the current position of the vehicle is outside 
predetermined area, the control circuit 6 operates t 



alarm circuit 8 for powering the alarm (not shown) . 
This alerts the driver to the fact that the vehicle has 
been moved outside the predetermined area. The control 
circuit 6 also operates the interface circuit 14 for 
powering the mobile telephone 15 for relaying the 
second signal to the central monitoring station. The 
second signal contains a message indicating that the 
vehicle has moved outside the predetermined area and 
contains the longitude and latitude coordinates of the 
current position of the vehicle. After an 
acknowledgement signal has been received by the control 
circuit 6 through the mobile telephone 15 the control 
circuit 6 may again operate the alarm apparatus 1 in 
the low power mode for the next second predetermined 
time interval of one minute, at the end of which the 
control circuit 6 operates the global position sensing 
circuit 12 for determining the current position of the 
vehicle and the control circuit 6 reads the current 
position which again is compared by the third 
comparator 20 with the predetermined area stored in the 
general random access memory 19. 

An entry means, namely, an input port 22 is provided in 
the control circuit 6 to the microprocessor 7 for 
connecting to a suitable inputting apparatus, for 
, example, a personal computer for inputting the value of 
the predetermined difference for comparison with the 



difference between the first read position and the 
current position of the vehicle when the apparatus is 
in the armed state. The boundary coordinates of the 
predetermined area are also inputted through the input 
port 22, as are the values of the first predetermined 
time interval and the second predetermined time 
interval, and other operating parameters and codes 
which are required for normal operation of the alarm 
apparatus 1. These will be well known to those skilled 
in the art. Typically, the parameters and codes are 
entered through the input port 22 during set-up of the 
alarm apparatus 1, and may be either factory entered or 
entered by an installer of the apparatus in a vehicle. 

Turning now to Figs. 2 and 3, routines of a computer 
programme which are stored in the microprocessor 7 for 
operating the apparatus 1 will now be described. The 
routine, the flow chart of which is illustrated in 
Figs. 2(a) and (b) controls the apparatus 1 when the 
apparatus 1 is in the armed state for determining if 
the vehicle is moved while in the armed state. The 
routine, the flow chart of which is illustrated in 
Figs. 3(a) and (b) controls the apparatus 1 when the 
apparatus 1 is in the disarmed state for determining if 
the vehicle moves outside the predetermined area. 



Referring initially to Figs. 2(a) and (b) , block 



starts the routine of Fig. 2, and the routine xuoves to 
block 41 which determines if the apparatus 1 is in the 
armed state. If the apparatus 1 is not in the armed 
state, the routine moves to block 42 which returns 
control of the apparatus 1 to the calling programme, 
on block 41 determining that the apparatus 1 is in the 
armed state, the routine moves to block 44. Block 44 
calls up a check position routine stored in the 
„.icroprocessor 1 for operating the global position 
sensing circuit 12 for determining the current position 
of the vehicle. Such routines will be well known to 
those Skilled in the art, and the actual operation of 
the global position sensing circuit 12 for determining 
the location of the vehicle using a global satellite 
, positioning network will also be well known to those 
skilled in the art, and further description should not 
be required. The routine then moves to block 45 which 
waits for a valid position being determined by the 
global position sensing circuit 12, and on a valid 
0 position appearing on the output of the global position 
sensing circuit 12, the microprocessor 7 reads the 
current position of the vehicle and moves to block 46. 
Block 46 stores the current position as the first read 
position of the vehicle. 

25 Th« routine thsn moves to block 47 which reads from a 
icok-up table stored in the general random access 



memory 19 the first predetermined time interval which 
is to elapse between each time the check position 
routine is called up. In other words, the time 
interval between the respective times that the current 
position of the vehicle is read from the global 
position sensing circuit 12. The routine then moves to 
block 48 which sets a timer (not shown) in the 
microprocessor 7 to time the first predetermined time 
interval of ten minutes duration. The routine then 
moves to block 49, and in turn, to block 50, which 
respectively power down the global position sensing 
circuit 12, the mobile telephone 15 and the interface 
circuit 14. The routine then moves to block 51 which 
operates the control circuit 6 and in turn the 
remainder of the apparatus 1 into the low power mode. 
The routine then cycles in block 52 checking the 
elapsed time since the timer was set by block 48. When 
block 52 determines that the elapsed time is equal to 
the first predetermined time interval, the routine 
moves to block 53 which wakes up the control circuit 3, 
and in turn, the apparatus 1. 

The routine then moves to block 55 which calls up the 
check position routine which in turn activates the 
global position sensing circuit 12 for determining the 
new current position of the vehicle and moves to block 
56. Block 56 waits for the new valid current position 



and reads the new current position from the global 
position sensing circuit 12. The routine then „,oves to 
block 57 which determines by using the first comparator 
17 the difference in the just read current position and 
,.he stored first read position, and moves to block 58. 
Block 58 stores the difference determined by the first 
comparator 17 in the general random access memory 19. 
The routine then moves to block 59 which reads the 
predetermined difference from the general random access 
memory 19, and the routine moves to block GO. Block 60 
compares the difference determined by the first 
comparator 17 with the predetermined difference. If 
.be second comparator 18 determines that the difference 
determined by the first comparator 17 does not exceed 
the predetermined difference the routine moves to block 
61 which checks if the alarm apparatus 1 is still in 
the armed state. If so, block 61 returns the routine 
to block 47. If block 61 determines that the alarm 
apparatus 1 is no longer in the armed state, the 
routine moves to block 52 which returns control of the 
microprocessor 7 to the calling programme. 

Should block 60 determine that the difference 
determined by the first comparator 17 is greater than 
the predetermined difference, the routine moves to 
; block 64 which activates the alarm circuit 8 for 

powering the alarm (not shown). The routine then moves 



to block 65 which activates the interface circuit 14 
for powering up the mobile telephone 15 and dialling 
the central monitoring station. The routine then moves 
to block 66 and waits for an appropriate time for a 
line to be established between the mobile telephone 15 
and the central monitoring station, and in turn moves 
to block 67 to check if a line has been established 
with the central monitoring station. If block 67 
determines that a line has been established the routine 
moves to block 68 which outputs the first signal to the 
mobile telephone 15 for relaying to the central 
monitoring station. The routine then moves to block 69 
which waits for an appropriate time for an 
acknowledgement from the central monitoring station, 
and in turn moves to block 70 which checks if an 
acknowledgement has been received. If an 
acknowledgement has not been received the routine is 
returned to block 65. If an acknowledgement is 
received, the routine is moved to block 71 which 
returns control of the microprocessor 7 to the calling 
programme. At that state, the calling programme may 
call up the routine of Fig. 2 again, under the control 
of the central monitoring station by a command received 
through the mobile telephone 15 and the interface 
circuit 14. In which case, the routine would be 
entered at block 47. This permits the central 
monitoring station to determine if the vehicle is still 



28 



being moved, and also the current position of the 
vehicle at the respective first predetermined time 
intervals for facilitating location of the vehicle. 

in the event that block 67 determines that a line has 
not been established the routine is returned to block 
65. 

The value of the predetermined difference stored in the 
general random access memory 19 is a function of the 
allowable error in the global satellite positioning 
network, this is to avoid false alarms . The 
predetermined difference will depend on the particular 
global satellite positioning network being used. In 
the case of GPS the predetermined difference will 
typically be set at seventy-five metres, and in the 
case of DGPS the predetermined difference will 
typically be set at two metres. 

Turning now to Figs. 3(a) and (b) , the routine for 
determining if the vehicle moves outside the 
predetermined area will now be described. Block 80 
3 starts the routine which then moves to block 81 which 
Checks if the alarm apparatus 1 is in the armed state, 
and if so, the routine moves to block 82 which returns 
control of the microprocessor 7 to the calling 
programme. Should block 81 determine that the alarm 



apparatus 1 is disarmed, the routine moves to block 83 
which calls up the check position routine which has 
already been briefly described with reference to Fig. 
2. The routine then moves to block 84 which waits for 
a valid current position appearing on the output of the 
global position sensing circuit 12, and then reads the 
current position. The routine then moves to block 85 
which stores the current position read by block 84 and 
moves the routine to block 86. Block 86 reads the 
boundary coordinates of the predetermined areas stored 
in the general random access memory 19, and the routine 
moves to block 87. Block 87 checks by the third 
comparator 20 if the current position read by block 84 
is within the predetermined area. If block 87 
determines that the current position is within the 
predetermined area, the routine moves to block 88. 

Block 88 checks if the alarm apparatus is armed, and if 
so, the routine moves to block 89 which returns control 
of the microprocessor 7 to the calling programme. 
Should block 88 determine that the alarm apparatus is 
not armed, in other words, disarmed, the routine moves 
to block 90 which reads the second predetermined time 
interval from the general random access memory 19 and 
moves to block 91. Block 91 sets the timer to time the 
second predetermined time interval, and the routine 
moves to block 92 which operates the alarm apparatus 1 
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in the low power mode for the duration of the second 
predetermined time interval. The routine then cycles 
in block 93 until the elapsed time from the time the 
timer is set by block 91 is equal to the second 
predetermined time interval, and then the routine is 
returned to block 81 which again checks if the vehicle 
is armed, and repeats the routine. 

Should block 87 determine that the current position is 
outside the predetermined area the routine moves to 
block 95 which activates the alarm circuit for powering 
the alarm (not shown) to indicate to the driver that 
the vehicle has been moved outside the predetermined 
area. The routine then moves to block 96 which 
activates the interface circuit for powering up the 
mobile telephone 15 to establish a line with the 
central monitoring station. The routine then moves to 
block 97 to wait for a line to be established. After 
the wait period the routine moves to block 98 which 
Checks if a line has been established. If a line has 
not been established, the routine returns to block 96. 
on block 9 8 determining that a line has been 
established, the routine moves to block 99 which 
outputs the second signal for relaying to the central 
monitoring station by the mobile telephone 15. The 
i routine then moves to block 100 which waits for a 

waiting period for an acknowledgement from the central 



monitoring station. After the waiting period the 
routine moves to block 101 which checks if an 
acknowledgement has been received, and if an 
acknowledgement has not been received the routine 
returns to block 96. If block 101 determines that an 
acknowledgement has been received, the routine is moved 
to block 88, which has already been described. 

Turning now to the first and second signals which are 
outputted by the control circuit 6, as discussed the 
first signal contains a message indicating that the 
vehicle has been moved while the apparatus is in the 
armed state, and also contains the coordinates of the 
current position of the vehicle. The second signal 
contains a message indicating that the vehicle has been 
moved outside the predetermined area, and also contains 
the coordinates of the current position of the vehicle. 
The first and second signals may be in analog or 
digital form, and may be suitable for receipt by a 
computer for subsequent display, so that the message 
and coordinates of the current position of the vehicle 
may be displayed on a monitor of a computer, for 
example, a personal computer, or alternatively, may be 
printed out under the control of a computer at the 
central monitoring station. Alternatively, the signals 
may be in a form which is suitable for activating a 
voice synthesizer at the central monitoring station for 



speaking the message and the coordinates of the current 
position of the vehicle. 

in use, with the alarm apparatus 1 installed in a 
vehicle, and set-up, on the alarm apparatus 1 receiving 
an appropriate radio signal through the radio receiver 
10 the state of the alarm apparatus 1 is changed from 
its current state. Thus, on receipt of the appropriate 
radio signal if the alarm apparatus has been in the 
disarmed state, the alarm apparatus is operated under 
the control of the control circuit 6 in the armed 
state, and vice versa. The control circuit 3 operates 
under the routine of Figs. 2,a, and 2(b, when the alar« 
apparatus 1 is operated in the armed state, and under 
the routine of Figs. 3(a) and (b) when the alarm 
apparatus is in the disarmed state. The routines of 
rigs. 2 and 3 are called up under the control of a main 
calling programme which generally controls the control 
circuit 6 . Accordingly, should the alarm circuit 1 be 
operating in the armed state, and an attempt is made to 
™,ve the vehicle, for example, by pushing the vehicle, 
on the alarm apparatus deter-inlng that the difference 
between the current position of the vehicle and the 
first read position of the vehicle exceeds the 
predetermined difference, the first alarm signal is 
5 outputted to the central monitoring station. The 

central monitoring station may then take appropriate 



action. Needless to say, while the apparatus 1 is in 
the armed state, if an attempt is made to break into 
the vehicle, this is determined by the monitoring 
circuit 3, and the alarm circuit is operated for 
powering up the vehicle alarm. Additionally, the 
control circuit 6 may also activate the interface 
circuit 14 for relaying a third signal to the central 
monitoring station, which would contain a message 
indicating that the vehicle had been broken into and 
would also give the location of the vehicle by the 
latitude and longitude coordinates of the position of 
the vehicle. 

While the alarm apparatus 1 is in the disarmed state, 
the routine of Fig. 3 monitors the position of the 
vehicle at the second predetermined time intervals. In 
the event of the vehicle moving outside the 
predetermined area the second signal is outputted to 
the central monitoring station. 

It will of course be appreciated that while the 
boundary coordinates of the predetermined area have 
been described as being entered in the general random 
access memory 19, during set-up of the apparatus, it 
will be readily apparent that the predetermined area 
may be altered at any stage by an authorised person by 
merely changing the coordinates which define the 
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boundaries o£ a new predetermined area. This. »ay be 
carried out by connecting the input port 22 to a 
suitable computer, or indeed, may be altered by 
downloading the new boundary coordinates through the 
mobile telephone 15 under the control of the central 
monitoring station. 

The advantages of the apparatus according to the 
invention are many, a particularly important advantage 
of the apparatus is achieved by virtue of the fact that 
Should an attempt be made to move the vehicle to a 
remote location prior to breaking into the vehicle 
where the alarm would not be heard, the alarm apparatus 
outputs a signal to a central monitoring station once 
the alarm apparatus determines that the vehicle has 
been moved. Such moving could, for example, be carried 
out by a thief pushing the vehicle without entering the 
vehicle, or alternatively, by loading the vehicle onto 
a transporter, or indeed by towing the vehicle. 

mother important advantage of the apparatus according 
, to the invention is achieved when the alarm apparatus 
is suitable for determining if the vehicle has been 
moved outside a predetermined area. This feature of 
the invention Is particularly suitable for owners of 
car fleets for hire or the like, for monitoring the 
5 position of the vehicle to determine If the vehicle is 



moved outside a predetermined area, for example, is 
moved across a boarder from one country to another in 
an attempt to steal the vehicle or the like. 

Another important advantage of the apparatus according 
to the invention is that the power requirement from the 
vehicle battery is minimised due to the fact that the 
apparatus operates in a low power mode for first and 
second predetermined time intervals, and in particular, 
for first predetermined time intervals when the vehicle 
is immobilised and the vehicle battery is not being 
charged . 

While the apparatus according to the invention has been 
described for use in a motor vehicle, it will be 
readily apparent that the apparatus may be used in any 
other vehicle, for example, an aeroplane, a boat, 
motorcycle or the like. It will also be appreciated 
that it is not essential that the alarm apparatus 
should comprise an alarm circuit. 

While the first predetermined time interval has been 
described as being ten minutes duration, it will be 
readily apparent to those skilled in the art that the 
first predetermined time interval may be of any desired 
duration, and may be factory set or set by the owner of 
the vehicle, or in the case of the vehicle being owned 



by a fleet hire company, by the fleet ovmer or an 
authorised person. However, it is believed that to 
optimise between minimising the power requirement from 
the vehicle battery, and the need to effectively 
monitor the vehicle, a first predetermined time 
interval of the order of ten minutes is desirable, 
although, it is believed that a first predetermined 
time interval in the range of five minutes to fifteen 
minutes would be acceptable. 

Similarly, the second predetermined time interval while 
it has been described as being of one minute duration, 
xnay be of any other desired duration, and typically, 
„ay lie in the range from thirty seconds to fifteen 
xninutes, and indeed the second predetermined time 

interval may be even longer or shorter as could the 

first predetermined time interval. 



CLAIMS 

1. Alarm apparatus for a vehicle for determining if 
the vehicle is moved, the apparatus being operable in 
an armed state and a disarmed state and comprising 

a global position sensing circuit for 
communicating with a global satellite positioning 
network for determining the location of the vehicle, 

a control means for controlling the global 
position sensing circuit and for reading the state of 
the apparatus and for reading the global position 
sensing circuit at first predetermined time intervals 
when the apparatus is in the armed state for 
determining the position of the vehicle, the control 
means comprising 

a first storing means for storing the first read 

position each time the apparatus is operated in the 

armed state, 

a first comparing means for comparing the current 
position read from the global position sensing circuit 
with the first read position and for determining the 
difference between the current position and the first 
read position, 

a second comparing means for comparing the 
difference determined by the first comparing means with 
a predetermined difference value, 

an interface means operating under the control of 
the control means for interfacing the apparatus with a 
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transmission means, the interface means being 
responsive to the second comparing means determining 
that the difference determined by the first comparing 
means exceeds the predetermined difference value for 
outputting a first signal to the transmission means for 
transmission to a central monitoring station for 
indicating that the vehicle has been moved, and 

a means for operating the apparatus in a low power 
xnode during each first predetermined time interval. 

2. Alarm apparatus as claimed in Claim 1 in which the 
means for operating the apparatus in the low power mode 
is responsive to the second comparing means determining 
that the difference determined by the first comparing 
„,eans does not exceed the predetermined difference 
value * 

3. Alarm apparatus as claimed in Claim 1 or 2 in 
which the means for operating the apparatus in the low 
power mode is responsive to the apparatus being in the 
armed state . 

4. Alarm apparatus as claimed in any preceding claim 
in which the control means commences timing each first 
predetermined time interval after the second comparing 
means determines that the difference determined by the 
first comparing means does not exceed the predetermined 
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difference value or when the first signal 
transmitted by the transmission means. 



5. Alarm apparatus as claimed in any preceding claim 
in which the interface means comprises an interface 
circuit for interfacing the apparatus with a mobile 
telephone . 

6. Alarm apparatus as claimed in Claim 5 in which the 
interface circuit comprises a means for dialling a 
predetermined number on the mobile telephone. 

7. Alarm apparatus as claimed in any preceding claim 
in which the interface means comprises an interface 
circuit for interfacing the apparatus with a radio 
transmitter . 

8. Alarm apparatus as claimed in Claim 7 in which the 
interface circuit comprises a means for activating the 
radio transmitter to transmit the first signal. 

9. Alarm apparatus as claimed in any preceding claim 
in which the control means comprises a second storing 
means for storing parameters of boundaries of a 
predetermined area within which the vehicle can validly 

move . 
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10. Alarm apparatus as claimed in Claim 9 in which the 
control means reads the output of the global position 
sensing circuit at second predetermined time intervals 
when the apparatus is in the disarmed state for 
determining the position of the vehicle, and the 
control means comprises a third comparing means for 
comparing the current position of the vehicle with the 
predetermined area for determining if the vehicle is 
outside the predetermined area. 

11. Alarm apparatus as claimed in Claim 10 in which 
the interface means is responsive to the third 
comparing means for outputting a second signal to the 
transmission means for transmission to the central 
monitoring station for indicating that the vehicle has 
moved outside the predetermined area. 

12. Alarm apparatus as claimed in Claim 11 in which 
the means for operating the apparatus in the low power 
„,ode is responsive to the third comparing means 
determining that the current read position of the 
vehicle is within the predetermined area for operating 
the apparatus in the low power mode during the next 
second predetermined time interval. 

13. Alarm apparatus as claimed in Claim 11 or 12 in 
which the means for operating the apparatus in the low 



power mode during each second predetermined time 
interval is responsive to the apparatus being in the 
disarmed state. 

14. Alarm apparatus as claimed in any of Claims 11 to 
13 in which the control means times each second 
predetermined time interval after the third comparing 
means determines that the current position of the 
vehicle is within the predetermined area, or after the 
second signal has been transmitted by the transmission 
means . 

15. Alarm apparatus as claimed in any of Claims 11 to 
14 in which the second signal comprises a message for 
indicating that the vehicle has moved outside the 
predetermined area and the current position of the 
vehicle, 

16. Alarm apparatus as claimed in any preceding claim 
in which the first signal comprises a message 
indicating that the vehicle has been moved and the 
current position of the vehicle. 

17. Alarm apparatus as claimed in any preceding claim 
in which the apparatus further comprises a vehicle 
monitoring circuit, the monitoring circuit being 
responsive to the apparatus being in the armed state 



for monitoring 



for unauthorised entry to the vehicle, 



18. Alarm apparatus as claimed in Claim 17 in which 
the apparatus comprises a vehicle immobilising means, 
the immobilising means being responsive to the 
apparatus being in the armed state for immobilising the 
vehicle . 

19. Alarm apparatus as claimed in Claim 17 or 18 in 
which the apparatus comprises an alarm activating 
circuit for powering an alarm, the alarm activating 
circuit being responsive to the vehicle monitoring 
circuit detecting unauthorised entry to the vehicle. 

20. Alarm apparatus as claimed in any preceding claim 
in which the alarm activating circuit is responsive to 
the second comparing means determining that the 
difference determined by the first comparing means 
exceeds the predetermined difference value. 

21. Alarm apparatus as claimed in any preceding claim 
in which the apparatus comprises a receiving means for 
receiving signals for operating the apparatus in the 
0 respective armed and disarmed states. 

22. Alarm apparatus as claimed in any preceding claim 
in which the apparatus comprises an entry means for 



entering the predetermined difference value into the 
first storing means. 

23. Alarm apparatus as claimed in Claim 22 in which 
the entry means facilitates entry of the value of the 
first predetermined time interval into the control 
means . 

24. Alarm apparatus as claimed in Claim 22 or 23 in 
which the entry means facilitates entry of the 
parameters of the boundaries of the predetermined area 
into the second storing means . 

25. Alarm apparatus as claimed in any of Claims 22 to 
23 in which the entry means facilitates entry of the 
value of the second predetermined time interval. 

26. Alarm apparatus as claimed in any preceding claim 
in which the apparatus comprises a timing means for 
timing each predetermined time interval . 

27. Alarm apparatus for a vehicle for determining if a 
vehicle is moved, the alarm apparatus being 
substantially as described herein with reference to and 
as illustrated in the accompanying drawings. 



28. A method for determining if a vehicle is 



wherein the vehicle comprises alarm apparatus operable 
in an armed and a disarmed state and comprising a 
global position sensing circuit for communicating with 
a global satellite positioning network for determining 
the location of the vehicle, the method comprising the 
steps of 

reading an output of the global position sensing 
circuit at first predetermined time intervals when the 
apparatus is in the armed state for determining the 
position of the vehicle, 

storing the first read position each time after 
the apparatus is operated in the armed state in a first 

Storing means, 

comparing the current position read from the 
global position sensing circuit with the first read 
position in a first comparing means, and determining 
the difference between the current position and the 

first read position, 

comparing the difference determined by the first 
comparing means in a second comparing means with a 
predetermined difference value, 

outputting a first signal to a transmission means 
for transmission of the first signal to a central 
monitoring station for indicating that the vehicle has 
been moved if the difference determined by the first 
comparing means exceeds the predetermined difference 
value, and 



operating the apparatus in a low power mode during 
each first predetermined time interval - 

29. A method as claimed in Claim 28 in which the alarm 
apparatus is operated in the low power mode after the 
second comparing means determines that the difference 
determined by the first comparing means does not exceed 
the predetermined difference. 

30. A method as claimed in Claim 28 or 29 in which the 
alarm apparatus is operated in the low power mode 
during the first predetermined time intervals when the 
apparatus is in the armed state. 

31. A method as claimed in any of Claims 28 to 30 in 
which the method further comprises the step of 
comparing at second predetermined time intervals in a 
third comparing means the current position of the 
vehicle with parameters of boundaries of a 
predetermined area stored in a second storing means 
within which the vehicle can validly move for 
determining if the vehicle is outside the predetermined 
area when the apparatus is in the disarmed state. 



32. A method as claimed in Claim 31 in which the 
method further comprises the step of outputting a 
second signal for transmission to a central monitoring 



station for indicating that the vehicle has moved 
outside the predetermined area in response to the third 
comparing means • 

33. A method as claimed in Claim 31 or 32 in which the 
alart,. apparatus is operated in the low power mode 
during each second predetermined time interval after 
the third comparing means has determined that the 
current position of the vehicle is within the 
predetermined area, 

34. A method as claimed in any of Claims 31 to 33 in 
which the alarm apparatus is operated in the low power 
mode during each second predetermined time interval 
when the apparatus is disarmed. 

35. A method as claimed in any of Claims 31 to 34 in 
which timing of the second predetermined time intervals 
commences after the third comparing means determines 
that the current position of the vehicle is within the 
predetermined area, or after the second signal has been 
transmitted from the transmission means. 
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A method as claimed in any of Claims 28 to 35 in 
which timing of each first predetermined time interval 
coitonences when the second comparing means determines 
that the difference determined by the first comparing 



means does not exceed the predetermined difference 
value, or when the first signal has been transmitted 
from the transmission means . 

37 . A method as claimed in any of Claims 31 to 36 in 
which the second predetermined time interval lies in 
the range of thirty seconds to fifteen minutes. 

38. A method as claimed in any of Claims 31 to 37 in 
which the second predetermined time interval lies in 
the range of forty-five seconds to five minutes. 

39. A method as claimed in any of Claims 31 to 38 in 
which the second predetermined time interval is in the 
order of sixty seconds. 

40. A method as claimed in any of Claims 28 to 39 in 
which the first predetermined time interval lies in the 
range of five minutes to twenty minutes. 

41. A method as claimed in any of Claims 28 to 40 in 
which the first predetermined time interval lies in the 
range of eight minutes to fifteen minutes. 

42. A method as claimed in any of Claims 28 to 41 in 
which the first predetermined time interval is in the 
order of ten minutes . 
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A method as claimed in any of Claims 28 to 42 in 
which the predetermined difference value is stored in a 
look-up table. 

44. A method as claimed in any of Claims 28 to 43 in 
which the predetermined difference value is entered 
during set-up of the apparatus. 

45. A method as claimed in any of Claims 28 to 44 in 
which the predetermined difference value is a function 
of the allowable error in the global satellite position 
network . 

46. A method as claimed in any of Claims 28 to 45 in 
which the value of each predetermined time interval is 
stored in a look-up table. 

47. A method as claimed in any of Claims 28 to 46 in 
which the value of each predetermined time interval is 
entered during set-up of the apparatus. 

48. A method as claimed in any of Claims 28 to 47 in 
which an alarm circuit in the apparatus is activated 
for powering an alarm when the second comparing means 
determines that the difference determined by the first 
comparing means exceeds the predetermined difference 
value . 



49. A method as claimed in Claim 48 when dependent on 
Claim 31 in which the alarm circuit is activated for 
powering an alarm when the third comparing means 
determines that the current position of the vehicle is 
outside the predetermined area. 

50. A method for determining if a vehicle is moved, the 
method being substantially as described herein with 
reference to and as illustrated in the accompanying 
drawings . 
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